Introduction
Sequoia sempervirens (Lamb. ex. Don) Endl., commonly referred as sequoia, is a conifer which occurs naturally in Western North America, especially in California, USA. It is known for its high-quality wood production. It has been introduced to other continents, where it has been gradually domesticated (Liu et al., 2006) . In Brazil, it has been cultivated for reforestation and ornamentation. Southern Brazil has proper climate for development of this species especially at areas of high altitude from northeastern region of Rio Grande do Sul state and part of Santa Catarina state (Navroski et al., 2015) .
Due to specific environmental conditions, such as climate and soil, silviculture of S. sempervirens in Southern Brazil requires the selection of genetic materials adapted to such conditions (Navroski et al., 2015) . More importantly, growing high-quality seedlings is a fundamental step toward S. sempervirens plantation. Sequoia propagation via seeds has a major issue associated to its low germination rate (average of 10%). Moreover, it has been recommended to collect seeds from trees that are at least 250 years old as plant viability is normally low from propagules obtained from young trees (Olson et al., 1990) .
Therefore, clonal propagation of S. sempervirens is a suitable alternative for maximizing the production of cuttings from selected materials. More specifically, the micropropagation strategy enables the production of a high number of seedlings genetically identical to the selected matrices (Hartmann et al., 2011; Xavier et al., 2013; Brondani et al., 2017) . However, it requires the culture medium optimization for appropriate concentration of plant growth regulators, especially a balance between cytokinins and auxins. Culture medium supplementation with plant growth regulators has been proven to increase the number of shoots emitted per propagule, as well as their length in Pinus (Rocha et al., 2009 ). However, little information is available on S. sempervirens micropropagation. In general, most of the researches have been dedicated to optimize protocols for somatic embryogenesis (Liu et al., 2006) , cryopreservation (Ozudogru et al., 2011; Halmagyi et al., 2017) , the epigenetic implications of cultured shoots (Huang et al., 2012) and the effect of plant tissues age (juvenility) on adventitious rooting performance (Blažková et al., 1997) .
Our study aimed at finding an adequate concentration of plant growth regulators for in vitro multiplication of S. sempervirens clones. In the first experiment, we tested the effect of cytokinin 6-benzilaminopurine (BAP) and auxin α-naphthalene acetic acid added to the traditionally used MS (Murashige and Skoog) culture medium. After, we compared the effects of the culture medium supplementation with three distinct cytokinin types (BAP; 2-isopentheiladenine; and kinetin), at distinct concentrations.
Material and methods

Genotype used for the experiments
The genetic material was obtained from two adult trees, nearly 40 years old, identified as A140 and A228 and located at the National Forest of São Francisco de Paula (29°25'22" S and 50°23'11" W), Rio Grande do Sul State, southern Brazil.
Cuttings were collected at 30 cm height from the ground and transported in a thermal box, containing water, to a greenhouse located at Santa Catarina State University, at Lages, SC. The cuttings were prepared to 10 cm in length, containing one pair of leaves with 50% of their original leaf area and treated with 6.000 mg L -1 of IBA (indole-3-butyric acid). Cuttings were then planted in growth tubes (180 cm³) containing vermiculite and commercial substrate medium (1:1, v/v) and placed in a greenhouse with controlled temperature (25 ± 5 ºC) and humidity (> 70%).
After five months, rooted plants were acclimated in a shade house (33% shade), for 30 days and then transferred to a conventional greenhouse for more 30 days, both stages without temperature or humidity control. After this period, plants with approximately 20 cm height were transferred to recipients (capacity of 5 L) filled with commercial substrate and vermiculite medium (1:1, v/v). After 15 days of adaptation, plants were pruned to 10 cm (± 2 cm) height, constituting the ministumps to establish a clonal mini-garden. The minigarden was regularly fertilized with a solution composed by 1g L -1 of Forth ® (10% N, 42% P 2 O 5 , 10% K 2 O, 0.6% Mg, 0.1% Fe and 0.02% Br). Fertigation was performed twice a week. Each mini-stump received 50 mL of fertilizer solution at ratio 1.5 g L -1 . Explants for in vitro establishment were obtained from the clonal minigarden.
In vitro establishment stage
In vitro experiments started with an establishment stage, consisting on the explants inoculation in the traditional MS culture medium (Murashige & Skoog, 1962) . The explants were collected from the minigarden as nodal segments of approximately 1 cm length. Prior to inoculation, explants were surface sterilized with active chlorine, using a commercial sodium hypochlorite formula (NaClO, 2% active chlorine). The explants were then washed in sterilized and deionized water within a flow chamber, and immediately inoculated in test tubes containing 10 mL of solidified culture medium. The explants remained 60 days in a growth chamber with temperature at 25 ± 2 ºC and photoperiod of 16 h, and after that they were evaluated according to their survival, contamination and oxidation. Established explants were used in the next stage, in vitro multiplication.
Experiment 1
We used stem micro-cuttings from the genotype A228, previously established in in vitro conditions, with an average of 1 ± 0.2 cm in length. We used 6-benzilaminopurine (BAP) and α-naphthalene acetic acid (NAA) at 0, 0.1, 0.5 and 1 mg L -1 , as distinct treatments. The experiment was conducted in completely randomized design, in factorial arrangement (4 x 4), with five replicates of three explants each.
Experiment 2
We used micro-cuttings obtained from in vitro conditions, with 1 ± 0.2 cm length. The treatments were arranged with the combination of two clones (A228 and A140) with three distinct cytokinins (BAP; 2-isopentheiladenine and kinetin), all at 0, 0.5, 1, 2 and 4 mg L -1 . The experiment was performed in a completely randomized design in factorial arrangement (2 x 3 x 5), with six replicates of three explants each.
Preparation of the culture medium for both experiments and inoculation
For the establishment stage, we used the MS culture medium (Murashige & Skoog, 1962) prepared at full concentration of each nutrient and supplemented with 100 mg L -1 of myo-inositol, 30 g L -1 of sucrose and 60 g L -1 of agar. In the multiplication stage, the culture medium was prepared at 50% of the original MS concentration of nutrients and vitamins. The culture medium pH was adjusted to 5.8 before adding agar and it was distributed to glass flasks (capacity of 250 mL) in a flow chamber. Each flask received 30 mL of culture medium. All materials were sterilized for 20 min at 121 o C and 1 kg cm -2 .
The excision of micro-cuttings from established explants and inoculation in flasks prepared according to each treatment was carried out in the flow chamber. After inoculation, micro-cuttings were maintained in a growth room with controlled temperature at 25 ± 2 ºC and photoperiod of 16 h. The light intensity was 42 μmol m -2 s -1 .
Response variables and statistical analysis
After 60 days of cultivation, we measured the total length of the main branch and we determined the average number of shoots per explant, the average length of shoots, the number of needles per explant and the presence of calluses. The data were verified for their adherence to normality and homogeneity of variances. After, we carried out analysis of variance (ANOVA). If the treatments were significantly different through F test (p < 0.05), mean comparisons were conducted with Tukey's test (p < 0.05) for qualitative variables and through regression analysis (p < 0.05) for quantitative variables. Statistical analyses were carried out using the package SISVAR (Ferreira, 2011) . Graphic representation was performed with spreadsheet software and surface response graphics were designed with Statistica® 6.0 (Statistica, 2019). Variables expressed as percentages were transformed with arc sen√(x/100), where x is the percentage obtained for each variable.
Results
We detected interaction (p < 0.05) between the two growth regulators for the average number of shoots and the average number of needles when using distinct concentrations of α-naphtalene acetic acid (NAA) and 6-benzilaminopurine (BAP) (Figure 1) . Although, the length of the main stem differed for both BAP and NAA separately (p < 0.05) the average length of the shoots showed difference only when using NAA.
The combination of 0.5 mg L -1 NAA with 0.1 mg L -1 BAP resulted in the highest number of shoots per explant (Figure 1a ). The average number of needles was higher when 0.5 mg L -1 NAA was combined with 0.5 mg L -1 BAP. However, it showed no difference when increasing BAP to 1.0 mg L -1 (Figure 1b) .
The mean length of the main branch showed a negative quadratic behavior (Figure 2a ). The highest average values were measured from 0.1 mg L -1 NAA and from 0.1 mg L -1 BAP medium, with 9.78 and 8.42 cm, respectively. Conversely, the lowest lengths were measured from the micro-cuttings grown in medium containing 1 mg L -1 of both regulators. Better performance of the shoots length was also observed when 0.1 mg L -1 of NAA was used. 
Effects of cytokinins
Except for the length of the main branch of A228, all the other variables interacted (p < 0.05) when testing different concentration of BAP, kinetin (KIN) and 2-isopentheiladenine (2Ip) with each clone, A228 e A140 (Figures 3 and 4) . The length of the main branch of explants of clone A228 was higher (p < 0.05) when KIN (3.50 cm) and 2iP (3.09 cm) were used. However explants of the same clone treated with BAP presented an average length of 2.05 cm.
The concentrations of each cytokinin influenced the development of shoots (Figure 3a) . As the highest average length of the main branch was obtained with KIN, we performed a regression analysis for increasing concentrations of this cytokinin and their effect on length. The results showed a negative quadratic trend (Figure 3b ). The control and the highest concentration used (4 mg L -1 ) resulted in lower length than intermediate concentrations of KIN for clone A228. The highest length values were obtained at 0.5 mg L -1 , with 3.54 cm. The interaction between the cytokinin and the concentration for clone A140 is shown in Figure 3b . In this case, the highest mean length of the main branch (3.61 cm) was obtained at 4 mg L -1 . BAP-treated explants of clone A140 also resulted in the lowest lengths.
In general, the best performance of multiplication was achieved with KIN for the mean number of shoots for both clones (A228 and A140). Supplementing the culture medium with 1 mg L -1 KIN was more effective for A228, while 0.5 mg L -1 KIN implicated in better results for the micro-cuttings of A140. In average, we counted 2.6 shoots per micro-cutting of A228, while 1.15 shoots per micro-cutting were obtained of A140 ( Figure  4a) . The superior effect of KIN was also observed on the mean length of the shoots (Figure 4b ). In average, it was of 1.68 cm in shoots from A228 and of 1.43 cm from A140, at the same concentrations described for the mean number of shoots.
One prominent effect of BAP was the stimulation of calluses (Figure 4c ). The presence of this cytokinin, at all concentrations, promoted the development of calluses from all micro-cuttings of A228 (100%) and almost all micro-cuttings of A140 (100% using 2.0 mg L -1 ). Conversely, the supplementation with KIN implicated in low incidence of calluses from both clones at all concentrations. 
Discussion
The combination of 6-benzilaminopurine (BAP) and α-naphthalene acetic acid (NAA) on in vitro multiplication of Sequoia sempervirens indicated that the performance of the micro-cuttings could be improved when low concentrations of both regulators were used (0,1 mg L -1 NAA and 0.1 mg L -1 BAP). However, the best results were achieved when only KIN was supplemented to the culture medium for both clones, but at low concentrations (Figure 4) . In general, auxins are involved with cell division and cell enlargement as well as the synthesis of cell wall. The role of a cytokinin is the induction of axillary buds as well as the proliferation of axillary buds by suppression of the apical dominance (Hartmann et al., 2011; Xavier et al., 2013) . Both growth regulators cooperate in the multiplication of shoots, but in excessive concentration they might be toxic for the development of in vitro cultures (Wang et al., 2007; Ling et al., 2013) . It was noteworthy that increasing the concentration of NAA had an inhibitory role in the production of shoots on both genotypes (A228 and A140). This was also observed from a study with the medicinal plant Satureja hortensis L., in which increasing concentrations of NAA diminished the number of shoots (Navroski et al., 2014) . On the contrary, NAA stimulated the emission of shoots by an interaction with BAP in clones of Eucalyptus globulus Labill. The balance between cytokinin and auxin is attributed to this positive result for this species (Cordeiro et al., 2014) , but it is important to consider that the interaction between such growth regulators is strongly influenced by the species and tissue type used for multiplication (Xavier et al., 2013) .
Using both NAA and BAP at low concentrations resulted in improved performances (0.1 mg L -1 NAA and 0.1 mg L -1 BAP) of shoot regeneration in S. sempervirens. Similar result was observed in a study with Parapiptadenia rigida (Benth), where a concentration as low as 0.5 mg L -1 resulted in the best multiplication performance (Kielse et al., 2009) .
Although BAP could show a positive effect on in vitro multiplication of S. sempervirens, our second experiment demonstrated that kinetin (KIN) and 2-isopentheiladenine (2Ip) were more effective than BAP in promoting shoot multiplication. In general, reduction of the number of shoots in presence of BAP can occur, as cytokinins induce shoots via cell division, reducing size and increasing the number of cells (Santos-Serejo et al., 2006) . However, it is necessary to highlight once more that the responses to such plant growth regulators depend on the species. For example, the multiplication of a medicinal plant (Scopari dulcis) showed that shoot induction was improved by a combination of both BAP and KIN (Premkumar et al., 2011) . On the contrary, for cucumbers, the best results of the shoot multiplication stage were obtained when only kinetin was supplemented to the MS medium (Abu-Romman et al., 2015) .
The supplementation of the culture medium with BAP in S. sempervirens resulted in a high rate of callogenesis (Figure 4 ). Callogenesis is triggered by an interaction between citokinins and auxins (Su et al., 2011) . More specifically, it has been shown that a specific gene (Wushell or WUS) is sufficient for inducing shoot regeneration, but its activation requires the cytokinin receptor gene AHK4, this one stimulated by auxin pretreatment of explants. Calluses tend to form depending on these interactions and also with other genes (Gordon et al., 2009) . Callogenesis negatively affects adventitious rooting (Brondani et al., 2017) and might interfere with the development of further protocols aimed for seedlings formation of this species. Reduced rate of callogenesis was observed when KIN and 2iP were supplied to the culture medium. This was probably due to variation in the balance among endogenous plant hormones already presented by each micro-cutting and the supplied plant growth regulators.
In general, we demonstrated that kinetin implicated in the best performances for shoot multiplication in S. sempervirens. However, it was clear that the used genotypes (A228 or A140) respond differently. In general, clone A228 presented higher shoot emission than A140. Distinct performances among genotypes were also shown in direct shoot organogenesis from needles of three genotypes of S. sempervirens (Sul & Korban, 2005) . Therefore, although we highlighted kinetin as the best growth regulator and indicated the most appropriate concentration for in vitro multiplication of clones A228 and A140 in S. sempervirens, such results might exhibit variation in other genotypes.
Conclusions
We provided experimental recommendation of the appropriate plant growth regulators to be used in the shoot multiplication of Sequoia sempervirens. Benzilaminopurine, above 0.5 mg L -1 , negatively influenced shoot multiplication and implicated in high rates of callogenesis.
The use of kinetin in low concentrations provided the best performance for shoot multiplication, but with distinct recommendations according to the genotype used. In the case of our study, we recommend 1.0 mg L -1 KIN for clone A228 and 0.5 mg L -1 KIN for A140.
